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Abstract 
In this paper, we present the results of the ‘trial-test’ of 
using fiber Bragg grating sensors to monitor the dynamic 
strain and temperature of Tsing Ma Bridge. Sensor 
packaging, installation technique as well as comparisnn 
of the measurement results of FBG sensors and electrical 
strain gauge sensors will be discussed. 
1 Introduction 
Hong Kong, being one of the most densely populated 
cities in the world; bas an extensive transportation 
network that is mainly consisted of bridges and tunnels 
[I ,  21. This civil infrastructure requires regular 
inspection on their structures as well as building 
materials such that their healthy conditions can be 
monitored and maintained. The traditional approach to 
monitor the conditions of civil structures is to employ 
electrical strain gauges which adhere or embed into the 
structures. The main limiting factor of this type of strain 
sensors is that the connections between the sensing point 
and the processing equipment pick up noise that limits 
the distance. Fiber-optics sensors offer many advantages 
over conventional strain gauges. Most notably, they are 
electrically and chemically inert, which makes them 
ideal for applications in hostile or corrosive 
environments. 
In The Hong Kong Polytechnic University, fiber Bragg 
grating (FBG) sensors are fabricated by illuminating a 
short length of single mode optical fiber by ultra-violet 
light under a phase mask. The FBG acts as a band-stop 
filter reflecting optical signals whose wavelength is 
determine by the phase mask period. Thermal or 
mechanical perturbations alter the refractive index or the 
grating period of the FBG. This induces a shift of the 
reflecting wavelength that can be measured accurately. 
One of the most important advantages of FBG sensors is 
their multiplexing capability; by using the wavelength- 
division-multiplexing (WDM) technique, tens of FBG 
sensors can be cascaded together in a single strand of 
fiber and can be interrogated simultaneously. 
In this article, the ‘trial-test’ of using FBG sensors to 
monitor the dynamic strain and temperature experienced 
by the Tsing Ma Bridge of Hong Kong is presented. This 
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test is conducted with the cooperation of the Highways 
Department, Hong Kong S A R ,  on April 2003. The 2160 
m long Tsing Ma suspension bridge is the world’s 
longest bridge span carrying both road and rail traffic. 
The bridge is designed to carry six-lane expressway on 
the upper deck, two railway tracks and two sheltered 
carriageways on the lower deck. In this test, three 
different strategic locations; rocker bearing, supporting 
structure on a section of lower deck of Chainage 23 and 
suspender cables respectively (see Fig. I), were chosen 
to install FBG sensors. Some FBG sensors were installed 
nearby the resistive strain gauges in-used such that 
comparisons between conventional sensors and FBG 
sensors can be made. In addition, strain-free FBG 
sensors were also used to measure the temperature at 
different sensing points to provide temperature 
compensation for the measurements. 
Figure l.locations for installing FBG sensors. Insets 
showing the sensor positions at the (a) lower deck 
of Chainage 23, @) the suspender cables and (c) 
the rocker bearing. 
2 Sensor Packaging and Installation 
The fiher used to fabricate FBG is the conventional 
single mode fiber (SIvlF 28). In order not to weaken the 
mechanical strength of the FBG, the outer coating of the 
fiber was removed by soaking a short length in warm 
acid bath instead of using mechanical shipper. After the 
FBG inscription, this short un-coated FBG was annealed. 
To facilitate the installation process while maintaining 
the straightness of the FBG, the FBG was mounted on 
nitinol ships with thickness of 0.0029" and dimensions 
of 6x110 mm, which were cleaned with high 
concentration isopropanol to remove grease stains. The 
FBG-nitinol sheet combo were sandwiched and pressed 
together using two Teflon sheets to minimize the 
thickness of epoxy between the FBG and the nitinol 
sheets. Inset of Fig. 2 shows the packaged FBG sensor 
on Telfon sheet in an oven after baking at 80 "C for 5 
hours. 
Figure2.Packaged FBG strain gauges boxed in ABS 
enclosures with two 3 mm fiber outlets. Inset 
shows the FBGs mounted on nitinol sheet in a 
heating oven. 
In order to protect the packaged FBG strain gauges form 
moisture and dust, weather proof ABS enclosures 
measure 120x80~60 mm that complied with IP65 were 
used. These enclosures are same as the electrical strain 
gauge enclosures in terms of functionality and 
appearance that are in-used by the Highways 
Department. To attach the packaged FBG sensor to the 
ABS enclosure, a rectangular opening was cnt from the 
bottom of the enclosure so that the sensor can he 
attached to the structure through this opening. The 
sensor was then connected to more rigid 3 mm single 
mode optical fiber cables and led out from the enclosure 
through two stress relieving hoots as shown in Fig. 2. In 
case where an extra FBG is needed for temperature 
referencing inside the enclosure, this FBG was connected 
to the strain sensing FBG before the 3 mm cable is 
connected. This temperature referencing FBG must he 
free from stress to avoid cross-sensitivity of strain and 
temperature [3]. 
To attach the FBG sensor firmly on the structure, a small 
area of this protective paint was removed. Attention was 
paid during the removal of paint to avoid damaging the 
steel beneath. Before attached the packaged FBG sensor, 
that area was cleaned with clear water and high 
concentrate isopropanol. Two types of adhesive glues 
were used to attach the enclosure and FBG sensor on the 
steel. Instant cyanoacrylate glue was applied on the 
outer rim of the enclosure base and, on the inner rim of 
the enclosure and FBG sensor, two-part whether proof 
epoxy was used. A combination of two glues at different 
position held the sensor package in place while excellent 
bonding was also achieved. 
3 Experimental setup 
Figure 3 shows an experimental setup of the 
interrogation system used to measure the wavelength of 
FBGs. The system included a broadband light source at 
1550 nm and a wavelength detection module with a 
scanning a Fabry-Perot filter. Three strands of fibers, in 
which IO FBG strain gauges were serially connected, 
were installed in the rocker hearing, supporting structure 
on a section of lower deck of Chainage 23 and suspender 
cables respectively. Figure 4 depicts the three FBG 
sensors in one of the sensing locations. Its inset shows 
one of the FBG sensors was nearby the resistive strain 
gauge in-used in the bridge. A computer communicated 
with the system in order to transfer.commands and to 
record experimental data. The system resolution and 
accuracy were 1 pm and 10 pm respectively. The 
sampling rate of the system is 51.2 Hz. 
Figure 3. Experimental setup of FBG interrogation system 
Figure 4.FBG sensors installed nearby an electrical strain 
gauge at rocker bearing. Inset shows the FBG 
sensor inside a protective enclosure with its cover 
opened. 
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4 Results and Discussions 
The interrogation system was switched on continuously 
for 24 hours to monitor the structure and temperature 
change of the bridge. Figure 5 shows the wavelength 
variations of a single sensor that incorporated both 
temperature referencing and strain FBGs at Chainage 23 
within IO minutes. Figure 5(a) and 5 @ )  shows the 
wavelength change of the strain-free temperature 
measuring FBG and the strain measuring FBG which 
was affected by both thermal and strain effects. 
Considering that the FBG is mounted on steel material 
which is subjected to both thermal and mechanical 
effects, the wavelength change of the FBG can be 
expressed by [3] 
where 1 is the Bragg wavelength, P, is the photoelastic 
coefficient, E is the strain, a, is the thermal expansion 
coefficient of the steel, AT is the temperature change and 
t, is the thermo-optic coefficient. Therefore, the actual 
strain response of the sensing point can be resolved by 
offsetting the thermal effect using the temperature 
referencing FBG. 
Figure S(c) shows the strain response on the sensing 
point measured by both the FBG strain gauge and 
electrical strain gauge over IO minutes. The experimental 
data show good agreement with the data obtained by the 
electrical strain gauge which is provided by the 
Highways Department. At about 320, 420 and 560 
seconds, three trains passed the bridge. Meanwhile, three 
overshoots were clearly shown by the interrogation 
system and electrical strain measurement. 
5 Conclusion 
In conclusion, we have demonstrated the application of 
FBG sensors and interrogation system to monitor the 
dynamic strain and temperature on the Hong Kong’s 
landmark Tsing Ming Bridge. The FBG package 
technique was proposed to apply for structural 
monitoring application. The measurement result of the 
interrogation system was in excellent agreement with the 
one obtained by electrical strain gauge measurement. 
The FBG sensor system offers many advantages over 
electrical strain gauge. These include remote sensing, 
ease of installation, non-corrosive and lower 
maintenance cost. This shows that FBG sensor 
technology is a good alternative for civil and structural 
dynamic strain monitoring. 
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Figure 5.Wavelength variations of the (a) temperature and 
(b) strain measuring FBGs. (c) Strain response of 
lower deck of Chainage 23 measured by electrical 
strain gauge (line) and FBG sensor (dot). 
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